Abstract: Nonsteroidal anti-inflammatory drugs (NSAIDs) are widely used for treating symptoms of rheumatologic diseases, such as osteoarthritis and rheumatoid arthritis. Knowing their side effects and the way to minimize them is a medical responsibility. To reduce NSAIDrelated risk, clinicians should choose a gastroprotective strategy. This may include coprescribing a traditional NSAID with a proton pump inhibitor or a high-dose histamine 2-receptor antagonist (H 2 RA), or using a cyclo-oxygenase (COX)-2 selective inhibitor or a COX-2 with a proton pump inhibitor. Assessing each patient's risk (cardiovascular and gastrointestinal) is a priority in order to decide the best intervention to minimize toxicity. In this article, we review some of the common interventions for reducing the gastrointestinal side effects of NSAIDs.
Introduction
Osteoarthritis is the most common form of arthritis worldwide. It is strongly associated with aging. Radiographic osteoarthritis is found in 80% of people by the age of 80 years, but only half of them have symptoms. 1 Joint degeneration leads to difficulty in ambulation and mobility, having a great functional impact. Osteoarthritis is associated with considerable medical costs, mainly because of joint replacements. Acetaminophen (paracetamol) is recommended as a first-line symptomatic treatment by various scientific societies (European League Against Rheumatism [EULAR] , American College of Rheumatology [ACR] ). Nonsteroidal anti-inflammatory drugs (NSAIDs) are used widely in the management of osteoarthritis. The meta-analysis of Towheed et al found that NSAIDs were more efficacious than acetaminophen for osteoarthritis pain, yet the risk of discontinuing therapy because of gastrointestinal adverse events was 50% higher with NSAIDs than with paracetamol. 2 This important side effect is even more frequent in this elderly osteoarthritis population.
Rheumatoid arthritis is a systemic autoimmune disease affecting 0.5%-1.0% of the population worldwide, showing a female-to-male excess of 2-4-fold. 3 It is characterized by synovial joint inflammation that can lead to bone erosions and joint destruction. Many new treatments have been developed in recent decades. Diseasemodifying antirheumatic drugs are the gold standard treatment for disease control. NSAIDs continue to be helpful in conjunction with disease-modifying antirheumatic drugs, because they reduce pain and inflammation with rapid onset. However, they are not disease-modifying drugs and can cause important gastrointestinal and cardiovascular side effects. Cyclo-oxygenase (COX)-2 inhibitors are as effective as traditional NSAIDs and can be used with the same treatment objectives. They are associated with fewer gastrointestinal side effects but have a similar cardiovascular side effect profile. 4 
Mechanism of action: COX-1 and COX-2 inhibition
The best characterized mechanism of action of NSAIDs is inhibition of the COX activity of prostaglandin G/H synthase 1 and 2, also referred to as COX-1 and COX-2. These enzymes catalyze the transformation of arachidonic acid to a range of lipid mediators, termed prostaglandins and thromboxanes. Therapeutic doses of aspirin and other NSAIDs reduce prostaglandin biosynthesis in humans, and there is a reasonably good correlation between the potency of these drugs as COX inhibitors and their anti-inflammatory activity. COX-1 is expressed constitutively in all cells, and is found in particularly high concentrations in platelets, vascular endothelial cells, the stomach, and kidney collecting tubules. COX-1 function is essential for maintenance of normal endocrine and renal function, gastric mucosal integrity, and hemostasis. COX-2 activity is almost undetectable in most tissues under physiological conditions, but its activity is rapidly increased in response to inflammatory or mitogenic stimuli. However, COX-2 also is constitutively expressed in certain areas of the kidney and brain 5 and is induced in endothelial cells by laminar shear forces. 6 Therefore, distinguishing COX-1 as a constitutive enzyme and COX-2 as a purely inducible enzyme that accounts for the formation of prostanoid in disease is an oversimplification of biologic reality. Importantly, COX-1, but not COX-2, is expressed as the dominant, constitutive isoform in gastric epithelial cells and is the major source of cytoprotective prostaglandin formation. Inhibition of COX-1 at this site is thought to account largely for the gastric adverse events that complicate therapy with traditional NSAIDs, thus providing the rationale for the development of NSAIDs specific for inhibition of COX-2. 7, 8 The COX isoenzyme selectivity of a particular drug is critically dependent on its concentration. There is a substantial variability between patients in plasma concentration after oral administration of a standard therapeutic dose and also in the extent of inhibition of each COX-isoform. Most traditional NSAIDs inhibit both COX-1 and COX-2 with little selectivity, although some, conventionally thought of as traditional NSAIDs, eg, diclofenac, exhibit a higher selectivity for COX-2.
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Efficacy of celecoxib versus traditional NSAIDs
Celecoxib is used in the treatment of osteoarthritis and rheumatoid arthritis at doses of 200-400 mg daily. Many trials have demonstrated that celecoxib has similar efficacy compared with NSAIDs in the management of pain and inflammation, both in rheumatoid arthritis and osteoarthritis.
Celecoxib versus naproxen
Celecoxib was compared with naproxen in one randomized clinical trial. 9, 10 This was a 12-week multicenter study comparing celecoxib at doses of 100 mg, 200 mg, or 400 mg (n = 240, n = 235, and n = 218, respectively) twice daily versus naproxen 500 mg twice daily (n = 225) and placebo (n = 231) in adults with rheumatoid arthritis of at least 3 months' duration, with functional class I-III. Withdrawals due to lack of efficacy were 65/225 (29%) in the naproxen group, 67/240 (28%) in the 100 mg celecoxib group, 50/235 (21%) in the 200 mg group, and 59/217 (27%) in the 400 mg group. ACR20 responses were 81/225 in the naproxen group, 95/240 in the celecoxib 100 mg group, 103/235 in the 200 mg group, and 85/217 in the 400 mg group. The relative risk (RR) of improvement was 1.1 (95% confidence interval [CI] 0.8-1.4),1.2 (95% CI 1.0-1.5), and 1.1 (95% CI 0.9-1.4), respectively, indicating no statistically significant difference. The only statistically significant difference between the treatments in any of the outcomes measured was that individuals taking 200 mg celecoxib twice daily showed greater improvement than those taking naproxen measured by patient and physician global assessment and those taking 400 mg twice daily on the Health Assessment Questionnaire functional disability score. 11 Another trial by Bensen et al 12 compared the efficacy of celecoxib at doses of 50 mg, 100 mg, or 200 mg twice daily with that of naproxen 500 mg twice daily or placebo for 12 weeks in patients with osteoarthritis of the knee. All celecoxib doses were efficacious compared with placebo. The higher doses of celecoxib (100 mg and 200 mg twice daily) were similarly efficacious, and the magnitude of improvement observed with these dosing regimens was comparable with that seen for naproxen. Kivitz et al 13 studied 1061 patients with symptomatic osteoarthritis of the hip randomized to receive celecoxib 100 mg, 200 mg, or 400 mg/day, naproxen 1000 mg/day, or placebo, for 12 weeks. Celecoxib 200 mg/day and 400 mg/day were similarly efficacious and comparable with naproxen. Goldstein et al 14 found similar improvements in patient and physician global assessments of efficacy in 537 patients with osteoarthritis or rheumatoid arthritis randomized to treatment with celecoxib 200 mg twice daily (n = 270) or naproxen 500 mg twice daily (n = 267) for 12 weeks.
Celecoxib versus diclofenac
Emery et al 15 studied the efficacy of celecoxib in patients with rheumatoid arthritis. In total, 326 patients received celecoxib 200 mg twice daily and 329 received diclofenac 75 mg twice daily for 24 weeks. There was no documented difference between the two drugs by physician assessment, patient assessment, number of swollen or tender joints, visual analog pain score, early morning stiffness, or C-reactive protein.
However, the mean number of swollen and tender joints did decrease over the course of the study. ACR20 response at 24 weeks was 25% in the celecoxib group and 22% in the diclofenac group. McKenna et al 16 compared the efficacy of celecoxib 100 mg twice daily with that of diclofenac 50 mg three times daily and placebo in 600 patients with osteoarthritis of the knee in a 6-week, randomized, controlled trial. Primary efficacy measures (index joint pain by visual analog scale and Western Ontario and McMaster Universities [WOMAC] index) indicated no statistically significant differences between celecoxib and diclofenac.
Celecoxib versus naproxen versus diclofenac
The SUCCESS-I study 17 included a total of 13,274 patients with osteoarthritis of the knee, hip, or hand, from 39 countries, of whom 8800 were randomly assigned to celecoxib 100 mg or 200 mg twice daily for 12 weeks, and 3489 and 905, respectively, were assigned to a nonselective NSAID, ie, diclofenac 50 mg or naproxen 500 mg twice daily for 12 weeks. The drugs were similarly effective in treating osteoarthritis (measured by visual analog pain score, patient global assessment, and WOMAC index).
Gastrointestinal toxicity with NSAIDs
A major disadvantage of NSAID use is the gastrointestinal side effects. These range from abdominal pain, nausea, diarrhea, and dyspepsia to more serious events, such as gastric or duodenal ulcers, anemia, and bleeding, or perforated ulcer. These side effects are due to the simultaneous inhibition of COX-1 and COX-2. Clinical symptoms are poor predictors of gastrointestinal injury. NSAID-induced ulcers are frequently asymptomatic.
As many as 25% of chronic NSAID users will develop ulcer disease, 18, 19 and 2%-4% will bleed or perforate, 20, 21 especially those who have been designated as being in a high-risk category. 22, 23 In a large meta-analysis, the overall risk for these complications in patients taking NSAIDs was approximately 2.4. 24 However, the risk is markedly increased in patients who fall into various high-risk categories. [24] [25] [26] [27] According to the 2009 guidelines from the American College of Gastroenterology, patients are classified as being at high, moderate, or low risk for NSAID gastrointestinal toxicity. 28 High-risk patients are those with a history of complicated peptic ulcer disease or multiple (at least two) risk factors; moderate-risk patents are those with one to two risk factors, ie, age .65 years, high-dose NSAID therapy, previous history of an uncomplicated ulcer, concurrent use of aspirin (including low-dose), corticosteroids, or anticoagulants; and low-risk patients are those with no risk factors.
The distinct roles of the two COX enzymes in patients with peptic ulcers are unknown. COX-2, as well as COX-1, have been detected in apparently normal gastrointestinal epithelium, so both of them may help to protect the gastric mucosa. 29 It appears that an inhibition of both enzymes is necessary for gastric damage.
Role of Helicobacter pylori
A comprehensive meta-analysis of 16 case-controlled studies demonstrated that the risk of peptic ulcer bleeding was increased by a factor of 1.79 with Helicobacter pylori infection, by 4.85 with NSAID usage, and by 6.13 in the presence of both NSAID use and H. pylori infection, strongly suggesting an additive effect. 30, 31 An updated meta-analysis showed similar findings. 31 There is a potential advantage of testing for H. pylori infection and eradicating the infection if positive in patients requiring long-term NSAID therapy.
Prevention strategies
Two methods are commonly employed to prevent the development of peptic ulceration and mucosal injury in patients taking NSAIDs:
32 (1) prophylaxis with a proton pump inhibitor or a prostaglandin analog (such as misoprostol) or high-dose histamine 2-receptor antagonist (H 2 RA); (2) with substitution of a traditional NSAID by a COX-2 inhibitor.
High-dose H 2 RAs
Double doses of H 2 RAs are effective for reducing the risk of endoscopic NSAID-induced gastric and duodenal ulcers. Standard doses of H 2 RAs are only effective at reducing the risk of NSAID-induced duodenal ulcers, but not gastric ones. 32, 33 Several trials have demonstrated superior healing rates in NSAID-induced ulcers with proton pump inhibitors compared with ranitidine. [34] [35] [36] More recently, Goldstein et al 37, 38 published the results of two multicenter, randomized, double-blind trials that compared the healing rates of gastric ulcers induced by use of NSAIDs. Esomeprazole 20 mg and 40 mg daily were compared with ranitidine 300 mg daily, given for 8 weeks, in patients with at least one documented gastric ulcer who required continuous NSAID treatment. In the first study (n = 399), healing rates for both esomeprazole groups were superior to ranitidine (P = 0.01). 38 However, in the more recently published study (n = 410), no statistically significant difference was found between the groups, despite having the same design and equivalent sample sizes as the previous study, although the numeric results were similar. 37, 39 In a literature review of seven clinical trials performed by Yeomans et al, 40 after 8 weeks of treatment with ranitidine, gastric ulcer healing rates were 50%-74%. However, 8-week gastric healing rates were 92% and 88% with esomeprazole 40 mg and 20 mg, respectively, 87% and 84% with omeprazole 40 mg and 20 mg, and 73% and 66% with lansoprazole 30 mg and 15 mg. Duodenal ulcer healing rates were 92% for omeprazole 20 mg versus 81% for ranitidine. NSAIDassociated gastric ulcers are more likely to heal when patients receive proton pump inhibitor cotherapy rather than ranitidine. 39 In 2011, the US Food and Drug Administration approved a fixed-dose combination of ibuprofen 800 mg and famotidine 26.6 mg. This approval was supported by data from two randomized controlled trials, REDUCE-1 and REDUCE-2, 41 which showed that of 1382 patients taking this combination, 930 had a significantly reduced risk of gastrointestinal ulcers at 24 weeks compared with 452 patients taking ibuprofen alone (14.1% versus 26.5%, respectively). This reduction was also seen in the subgroup of patients also receiving low-dose aspirin (14% versus 34.5%, respectively).
Misoprostol
Misoprostol was the first agent approved for the prevention of NSAID-related ulceration. In a large trial, 8843 patients with rheumatoid arthritis receiving continuous therapy with any of 10 NSAIDs were randomly assigned to receive 200 µg of misoprostol or placebo four times daily for 6 months. 42 Serious upper gastrointestinal complications were reduced by 40% (odds ratio [OR] 0.598; P = 0.049) among patients receiving misoprostol (25 of 4404 patients) compared with those receiving placebo (42 of 4439 patients). During the first month, more patients receiving misoprostol (20%) than those on placebo (15%) withdrew from the study, primarily because of diarrhea and related problems (P , 0.001).
A meta-analysis 33 including 11 studies in 3641 subjects compared the incidence of endoscopic ulcers after at least 3 months of treatment with misoprostol versus placebo. The cumulative incidences of endoscopic gastric and duodenal ulcers with placebo were 15% and 6%, respectively. Misoprostol significantly reduced the risk of gastric ulcer and duodenal ulcer by 74% (relative risk [RR] 0.26, 95% CI 0.17-0.39), and 58% (RR 0.42, 95% CI 0.22-0.81). These relative risks corresponded to 12.0% and 3% absolute risk reductions for gastric and duodenal ulcers, respectively. The observed heterogeneity in these estimates was due to inclusion of all misoprostol doses in the analyses. Analysis of the misoprostol studies stratified by dose eliminated this heterogeneity.
Doses of misoprostol lower than 200 µg four times daily have been used with some success and with fewer side effects. In one endoscopic trial, 43 1197 patients taking long-term NSAIDs were randomly assigned to one of four regimens, ie, placebo four times daily, misoprostol 200 µg twice daily, 200 µg three times daily, or 200 µg four times daily. The incidence of gastric ulcers was significantly lower in those receiving misoprostol twice daily (8.1%, difference 7.6%, 95% CI 2.7%-12.5%; P = 0.002), three times daily (3.9%, difference 11.8%, 95% CI 7.4%-16.3%; P , 0.001), and four times daily (4%, difference 11.7%, 95% CI 6.7%-16.8%; P , 0.001) compared with placebo. The 7.5% incidence of duodenal ulcers detected by endoscopy with placebo was reduced to 2.6%, 3.3%, and 1.4% with the three respective doses of misoprostol. There were fewer withdrawals due to adverse events in the groups receiving misoprostol twice daily and three times daily (12% for both) than in the group receiving it four times daily (20%). Lower doses of misoprostol have not received Food and Drug Administration approval.
A meta-analysis of randomized controlled trials evaluating prevention strategies of NSAID-induced gastric ulceration showed that misoprostol was significantly more effective than H 2 RAs. 44 One randomized controlled trial 45 compared misoprostol and lansoprazole in 537 patients without H. pylori who were long-term users of NSAIDs and had a history of endoscopically documented gastric ulcer. Patients were randomized to receive placebo, 200 µg of misoprostol four times a day, or 15 mg or 30 mg of lansoprazole once daily. After 12 weeks, the incidence of endoscopically detected gastroduodenal
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Gi toxicity in arthritis patients ulceration was 49% with placebo, was significantly reduced with misoprostol (7%) and, to a lesser extent, with both doses of lansoprazole (20% and 18%, respectively). However, early withdrawals were more common in the misoprostol group. If withdrawals were included with endoscopic ulcers as failures of treatment, misoprostol and lansoprazole were similarly successful.
Proton pump inhibitors
Proton pump inhibitors are useful for the prevention of NSAID-induced ulcers. 33, 46 Proton pump inhibitors significantly reduced the risk of both endoscopic duodenal (RR 0.20, 95% CI 0.10-0.39) and gastric ulcers (RR 0.39, 95% CI 0.31-0.50) compared with placebo. The results were similar for both primary and secondary prophylaxis trials. 33 Clinical studies of proton pump inhibitors have suggested that they are better tolerated but have slightly lower efficacy compared with full-dose misoprostol (200 µg four times daily). where an upper gastrointestinal tract endoscopic evaluation was made within 7 days prior to the first dose of study medication (placebo, celecoxib 200 mg/day, 400 mg/day, or 800 mg/day, or naproxen 1000 mg/day) and repeated at the final treatment visit (or early termination). Gastroduodenal ulcers developed in 4/99 patients receiving placebo (4%, 95% CI 0.1%-7.9%), 9/148 receiving 100 mg celecoxib (6%, 95% CI 2.2%-10.0%); 6/145 receiving 200 mg celecoxib (4%, 95% CI 0.9%-7.3%); and in 8/130 receiving 400 mg celecoxib twice daily (6%, 95% CI 2.1%-10.4%). In comparison, of 137 patients receiving naproxen, 36 developed gastroduodenal ulcers (26%, 95% CI 18.9%-33.7%). There were no statistically significant differences in the incidence of gastroduodenal ulcers between the placebo group and any of the celecoxib groups and no evidence of a dose response, whereas the incidence of ulceration in the naproxen group was significantly greater than in each of the other treatment groups (P , 0.001).
In another randomized controlled trial, 15 430 patients on celecoxib (n = 212) or diclofenac (n = 218) underwent endoscopy. Fifteen percent of patients in the diclofenac group and 4% in the celecoxib group developed gastroduodenal ulcers (P , 0.001), and the withdrawal rate because of gastrointestinal side effects was three times higher in the diclofenac group (16% versus 6%, P , 0.001).
The Celecoxib Long-Term Arthritis Safety Study (CLASS) trial 20 included patients with osteoarthritis and rheumatoid arthritis. They were randomized to receive celecoxib 400 mg twice daily (n = 3987), diclofenac 75 mg twice daily (n = 1996), or ibuprofen 800 mg three times daily (n = 1985). Seventy-two percent of the patients had osteoarthritis. Only the data from 6 months of follow-up have been published. Patients in the CLASS trial were permitted to take aspirin in doses of up to 325 mg per day. Clinically relevant upper gastrointestinal ulcer complications (bleeding, perforation, obstruction) and symptomatic ulcers during the first 6 months of treatment were described as the two main outcome measures, comparing incidence rates for celecoxib and a traditional NSAID. It was concluded that, compared with traditional NSAIDs, celecoxib "was associated with a lower incidence of symptomatic ulcers and ulcer complications combined." An article in the Washington Post in August 2001 47 and two letters published in JAMA in November 2001 48, 49 drew attention to the fact that the information available to the Food and Drug Administration contradicted these conclusions. Analysis according to a prespecified protocol showed similar numbers of ulcer-related complications in the comparison groups. Almost all the ulcer complications that had occurred during the second half of the trial were in users of celecoxib. 50 Possible reasons for the apparent failure of celecoxib to reduce the risk of ulcer complications in this study include the use of low-dose aspirin in approximately 20% of patients and the use of a relatively high dose of celecoxib (800 mg per day). The reasons for the higher withdrawal rates in the CLASS trial are unclear.
Goldstein et al 14 determined gastroduodenal damage from endoscopy after 4, 8, and 12 weeks of treatment with celecoxib 200 mg twice daily or naproxen 500 mg twice daily in 537 patients with osteoarthritis or rheumatoid arthritis. The cumulative incidence of gastric and duodenal ulceration for celecoxib was 9% and for naproxen was 41%. In the group that received celecoxib, the occurrence of ulcers was significantly associated with a number of factors, including H. pylori positivity, concurrent aspirin usage, and a history of ulcers.
In the SUCCESS-I study mentioned earlier, 17 8800 patients with osteoarthritis were randomly assigned to celecoxib 100 mg or 200 mg twice daily for 12 weeks and 4394 were assigned to a nonselective NSAID (diclofenac 50 mg or naproxen 500 mg twice daily) for 12 weeks. The number of clinically significant ulcers was the same in the two groups (18 ulcers in each group, OR 2 for the NSAID group, 95% CI 1.04-3.86). Only nine ulcer complications occurred in this study, seven in the combined NSAID group, and two in the combined celecoxib group (P = 0.008; OR 7 for NSAID group, 95% CI 1.46-33.8). There were fewer complications only in patients not taking concomitant aspirin (six in the NSAID group and one in the celecoxib group) and not in patients taking aspirin (one ulcer complication in each group).
Any potential gastroduodenal-sparing effect with selective COX-2 inhibitors may be abrogated or reduced when these agents are used concurrently with low-dose aspirin therapy for primary or secondary prevention of cardiovascular disease, but this remains controversial.
The results of a Cochrane meta-analysis 33 demonstrate that misoprostol, proton pump inhibitors, and double doses of H 2 RAs are effective at reducing the risk of endoscopic gastric and duodenal NSAID-induced ulcers. Standard doses of H 2 RAs are not effective at reducing the risk of NSAIDinduced gastric ulcers. Misoprostol is the only prophylactic agent to date that has been evaluated in a true clinical outcome trial, and has been shown to reduce the risk of NSAID-related ulcer complications. However, its use is associated with significant adverse effects, particularly at higher doses.
Combination therapy
Data are conflicting as to whether COX-2 inhibitors provide additional protection against upper gastrointestinal complications compared with conventional NSAIDs combined with either a proton pump inhibitor or misoprostol.
Chan et al 51 studied 287 patients who used NSAIDs for arthritis and presented with ulcer bleeding. After their ulcers had healed and they had tested negative for H. pylori, they were randomly assigned to receive either celecoxib 200 mg twice daily plus daily placebo or diclofenac 75 mg twice daily plus 20 mg of omeprazole daily for 6 months. The endpoint was recurrent ulcer bleeding, which occurred in seven of 144 patients receiving celecoxib (4.86%) and in nine of 143 patients receiving diclofenac plus omeprazole (6.29%). They concluded that among patients with a recent history of ulcer bleeding, treatment with celecoxib was as effective as treatment with diclofenac plus omeprazole for prevention of recurrent bleeding.
Lai et al 52 compared celecoxib 200 mg daily (n = 120) or naproxen 750 mg daily and lansoprazole 30 mg daily (n = 122) for 24 weeks in 224 patients who developed ulcer complications after NSAID use. The primary endpoint was recurrent ulcer complications, and 3.7% (95% CI 0.0%-7.3%) patients in the celecoxib group, compared with 6.3% (95% CI 1.6%-11.1%) in the lansoprazole group, developed recurrent ulcer complications (absolute difference -2.6%, 95% CI -9.1%-3.7%). Celecoxib was statistically noninferior to lansoprazole cotherapy in the prevention of recurrent ulcer complications.
In the CONDOR (Celecoxib versus Omeprazole aNd Diclofenac in patients with Osteoarthritis and Rheumatoid arthritis) study, 53 4484 patients with osteoarthritis or rheumatoid arthritis at increased gastrointestinal risk were assigned to receive celecoxib 200 mg twice daily (n = 2238) or diclofenac slow-release 75 mg twice daily plus omeprazole 20 mg/day (n = 2246) for 6 months. Patients included were older than 60 years, had a history of previous gastroduodenal ulcer, or had had a gastrointestinal hemorrhage more than 90 days before screening. They were negative for H. pylori. The primary endpoint was a composite of clinically significant events throughout the gastrointestinal tract (gastroduodenal, small bowel, or large bowel hemorrhage; gastric outlet obstruction; gastroduodenal, small bowel, or large bowel perforation; clinically significant anemia of defined gastrointestinal or presumed occult gastrointestinal origin, including possible blood loss from the small bowel; and acute gastrointestinal hemorrhage of unknown origin). The committee identified 20 primary endpoints in patients receiving celecoxib and 81 in patients taking diclofenac plus omeprazole. Using a Cox proportional hazards model, the proportion of patients reaching the primary endpoint during the 6-month study period was 0.9% (95% CI 0.5%-1.3%) in the celecoxib group and 3.8% (95% CI 2.9%-4.3%) in the diclofenac plus omeprazole group (difference 2.9%, 95% CI 2.0%-3.8%, P , 0.0001). The hazards ratio was 4.3 (2.6-7.0) in favor of celecoxib. The main driving force behind the primary endpoint was a hemoglobin decrease of 20 g/L or more. In support of the primary analysis, treatment with celecoxib was associated with a lower rate of moderate-to severe abdominal symptoms and withdrawal because of gastrointestinal adverse events than was treatment with diclofenac plus omeprazole. This study focused not only on upper gastrointestinal events, but also on gastrointestinal outcomes in the lower gastrointestinal tract, that may be relevant in clinical practice.
Prevention of NSAID-related ulcers in high-risk patients
As mentioned earlier, in patients at high gastrointestinal risk, the rate of recurrent endoscopic or complicated ulcers is still high, despite using COX-2 or traditional NSAIDs plus a proton pump inhibitor for secondary prevention. Combining a selective COX-2 inhibitor with a proton pump inhibitor may confer added protection against gastrointestinal toxicity.
Scheiman et al 54 assessed esomeprazole 20 mg/day or 40 mg/day for ulcer prevention in at-risk patients ($60 years and/or ulcer history) taking NSAIDs, including COX-2 inhibitors, in two 6-month multicenter studies (Verification of Esomeprazole for NSAID Ulcers and Symptoms [VENUS] and Prevention of Latent Ulceration Treatment Options [PLUTO]). Patients were allowed to take low-dose aspirin for cardiovascular prevention. An upper endoscopy at baseline and after 1, 3, and 6 months of treatment or at premature withdrawal was performed. Significantly more patients remained ulcer-free with esomeprazole 20 mg and 40 mg than with placebo. These significant reductions were observed for users of both nonselective NSAIDs and COX-2 inhibitors. Among patients who received COX-2 inhibitors, reduction values were 16.5% for placebo, 0.9% for esomeprazole 20 mg, and 4.1% for esomeprazole 40 mg (P , 0.001 and P = 0.002 versus placebo, respectively). For patients who received nonselective NSAIDs and placebo, 17.1% developed ulcers compared with 6.8% of those who received esomeprazole 20 mg (P , 0.001 versus placebo) and 4.8% (P , 0.001 versus placebo) of those who received esomeprazole 40 mg. The proportion of patients developing ulcers was similar in each subgroup and they could not establish whether, in patients taking a proton pump inhibitor, the use of a COX-2 inhibitor produces a lower risk of ulcer development than the use of a nonselective NSAID. They conclude that esomeprazole 20 mg is an effective dose for ulcer prevention in users of long-term NSAIDs, traditional NSAIDs, or COX-2 inhibitors.
A randomized controlled trial 55 compared celecoxib 200 mg twice daily plus esomeprazole 20 mg twice daily (n = 137) and celecoxib 200 mg twice daily plus placebo (n = 136) in patients negative for H. pylori who had been hospitalized for upper gastrointestinal bleeding associated with nonselective NSAID use. The primary endpoint was recurrent ulcer bleeding during treatment or within 1 month of the end of treatment. After 13 months, the primary endpoint was 0% in the combined treatment group and 8.9% in the controls (95% CI 4.1%-13.7%; P = 0.0004).
A population-based study compared 1382 patients with upper gastrointestinal complications who were taking a conventional NSAID or a COX-2 inhibitor with 33,957 controls matched for age and gender. 56 Cotherapy with a proton pump inhibitor, misoprostol, or a COX-2 inhibitor significantly reduced the risk of upper gastrointestinal complications. COX-2 inhibitors were not more likely to prevent complications compared with proton pump inhibitors, but were superior to low-dose misoprostol. The combination of a COX-2 inhibitor with a proton pump inhibitor was associated with the greatest reduction in risk (adjusted OR 0.36, 95% CI 0.28-0.47) versus an OR of 0.67 (95% CI 0.48-0.95) for a proton pump inhibitor plus a conventional NSAID.
Cost-effectiveness: COX-2 versus combination therapy
Brown et al 57 published a systematic review in 2006 with economic modeling comparing five strategies for preventing NSAID-related gastrointestinal toxicity. They found no direct comparisons between active gastroprotective strategies, so they used indirect comparisons to help understand the relative efficacy of these strategies. Economic modeling suggests that a COX-1 NSAID plus an H 2 RA or a COX-1 NSAID plus a proton pump inhibitor are the most cost-effective strategies for avoiding endoscopic ulcers in patients requiring longterm NSAID therapy. Misoprostol is more effective, but is associated with a greater cost and gastrointestinal side effects, which may be unacceptable to patients. However, when assessing serious gastrointestinal events, the economic analysis is sufficiently weakened by the data available as to render clear practice recommendations impossible. Finally, they concluded that more randomized controlled trials directly comparing prevention strategies were needed to arrive at a conclusion.
Latimer et al 58 performed a cost-effectiveness analysis in the UK of COX-2 selective inhibitors and traditional NSAIDs alone or in combination with a proton pump inhibitor for patients with osteoarthritis. The main outcome measure was cost-effectiveness of 3 months of treatment, which was based on quality-adjusted life years gained. The analysis was based on data taken from three large randomized controlled trials with COX-2 inhibitors, ie, the Multinational Etoricoxib and Diclofenac Arthritis Long-term Program (MEDAL) 59 comparing etoricoxib and diclofenac, the CLASS study 20 with celecoxib, diclofenac, and ibuprofen, and the Therapeutic Arthritis Research and Gastrointestinal Event Trial (TARGET) 60, 61 with lumiracoxib, ibuprofen, and naproxen. Quality-adjusted life year scores were calculated from pooled estimates of efficacy and major adverse events (including gastrointestinal side effects like dyspepsia, symptomatic ulcer, complicated gastrointestinal perforation, ulcer or bleed, and also cardiovascular events like myocardial infarction, stroke, and heart failure). The cheapest proton pump inhibitor was used for analysis (currently omeprazole in the UK). An intervention is classed as cost-effective in UK if the incremental cost of an additional quality-adjusted life year is less than £20,000. The addition of a proton pump inhibitor to any COX-2 or to other NSAIDs increases the estimated gain in quality-adjusted life years at little additional cost, when taking into account the costs avoided from a decreased incidence of NSAID-related gastrointestinal adverse events and the fact that many of these drugs are available as low-cost generics. Coprescription of a proton pump inhibitor costs less than £1000 per additional quality-adjusted life year gained, even for patients at low risk of gastrointestinal adverse events. Unlike previous analyses, they concluded that the addition of a proton pump inhibitor to both traditional NSAIDs and COX-2 selective inhibitors was likely to be cost-effective on the basis of the latest data and prices.
According to this analysis, in the UK, for people with osteoarthritis and lower risk of cardiovascular adverse events, a COX-2 selective inhibitor plus a proton pump inhibitor might be the most cost-effective treatment option. For patients at increased risk for cardiovascular or gastrointestinal events, paracetamol results in fewer adverse events and is more cost-effective than any traditional NSAID coprescribed with a proton pump inhibitor, but is not superior to a COX-2 selective inhibitor with a proton pump inhibitor. However, we have to take into account that most people with osteoarthritis are elderly and have multiple comorbidities, especially cardiovascular disease, which will limit the use of both COX-2 selective inhibitors and traditional NSAIDs.
Conclusion
NSAIDs and COX-2 selective inhibitors are useful pharmacological treatment options for symptom relief in patients with osteoarthritis and rheumatoid arthritis. They appear to be equally effective. Both COX-2 selective inhibitors and traditional NSAIDs have high rates of side effects, and there are many questions about their long-term efficacy and safety. When they are prescribed to control symptoms of osteoarthritis and rheumatoid arthritis, they should be used at the lowest effective dose for the shortest possible period of time.
Assessment of individual patient risk (cardiovascular, renal, gastrointestinal) is necessary before prescribing antiinflammatory treatments. To minimize the NSAID-related risk, clinicians should choose a gastroprotective strategy. This may include coprescribing a proton pump inhibitor with a traditional NSAID, using a COX-2 selective inhibitor with or without a proton pump inhibitor. COX-2 inhibitors have been demonstrated to reduce the risk of both upper and lower gastrointestinal events, while proton pump inhibitors would not be expected to protect against the latter. Some cost-effectiveness data have shown that combination of a COX-2 inhibitor and a proton pump inhibitor may be cost-effective in the UK, even in low-risk patients. This issue needs to be examined further in other countries for confirmation. In the past, it has been considered unusual to coprescribe a proton pump inhibitor with a COX-2 selective inhibitor. Thus, this recommendation represents a change in current practice.
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